Twelve species (292 individuals) of small mammals were livetrapped and examined for parasitic arthropods in 17 localities in Mississippi from June through November 1998. Fifteen species of ectoparasites were collected: 2 species of sucking lice (Anoplura), 4 species of fleas (Siphonaptera), larvae of 2 species of bots (Cuterebridae), 4 species of mesostigmatid mites (Mesostigmata), and immature stages of 3 species of hard ticks (Ixodidae). The white-footed mouse (Peromyscus leucopus) harbored the most species of parasitic arthropods (8), followed by the cotton mouse (Peromyscus gossypinus-6), and the cotton rat (Sigmodon hispidus-5). New state records for Mississippi were established for the sucking louse Hoplopleura hirsuta, the bot Cuterebra americana, the laelapid mite Laelaps alaskensis, and the fleas Orchopeas pennsylvanicus and Peromyscopsylla scotti.
Few studies have been completed on the parasitic arthropods of wild mammals in Mississippi. But Smith (1955a Smith ( , 1955b surveyed house mouse (Mus musculus) ectoparasites, Goddard and Norment (1985) provided a guide to the ticks, and Durden (1991) listed flea species recorded within the state. Additional publications that contain information on specific groups of parasitic arthropods in North America, including records for Mississippi, are Kim et al. (1986) for sucking lice (Anoplura), Benton (1980) , Carpenter et al. (1945) , and Trembley and Bishopp (1940) for fleas (Siphonaptera), Whitaker and Wilson (1974) for various groups of parasitic mites (Acari), Pratt and Good (1954) for domestic rat ectoparasites, and Sabrosky (1986) for bots (Cuterebridae). In addition, Goddard et al. (1986) documented ectoparasites of the eastern chipmunk (Tamias striatus) in northern Mississippi. Studies in which ectoparasites of small mammals in adjacent * Correspondent: kclark@unf.edu regions have been documented include publications by Cole and Koepke (1946) for domestic rats in Mobile, Alabama, Durden et al. (2000) for rodents in northwest Florida, and Durden and Kollars (1992, 1997) for ticks and fleas, respectively, in Tennessee.
To determine the species composition and infestation parameters for parasitic arthropods associated with certain smallmammal species in the state, and to determine the presence of known vector species, mammals from 17 different locations in Mississippi were livetrapped and examined for ectoparasites and bots.
MATERIALS AND METHODS
Small mammals were livetrapped at 17 localities in several major land-resource areas (United States Department of Agriculture 2002) in Mississippi ( Fig. 1 ) on various dates during each month from June through November 1998. Because study localities were so numerous, a detailed description of vegetation at each collection site would be lengthy. Therefore, the dom-FIG. 1.-Map of study localities for smallmammal collection in Mississippi in 1998, including major land-resource areas; 1 ϭ Ashe Lake, DeSoto National Forrest, Forrest Co.; 2 ϭ Chickasawhay Wildlife Management Area, DeSoto National Forest, Jones Co.; 3 ϭ Choctaw Lake, Tombigbee National Forest, Choctaw Co.; 4 ϭ Clarkco State Park, Clarke Co.; 5 ϭ Davis Lake, Tombigbee National Forest, Chickasaw Co. inant vegetation of each locality is presented according to 4 general categories, primarily pine, mixed hardwood and pine, predominantly pine, mixed hardwood and pine, predominantly hardwood, and primarily hardwood. Dominant overstory species of trees at sites described as primarily pine were slash pine (Pinus elliottii), loblolly pine (P. taeda), and longleaf pine (P. palustris) , with significantly fewer numbers of water oak (Quercus nigra), southern red oak (Q. falcata), turkey oak (Q. laevis), post oak (Q. stellata), sweet gum (Liquidambar styraciflua), red maple (Acer rubrum), and yellow poplar (Liriodendron tulipifera). Typical midstory species were loblolly bay (Gordonia lasianthus), southern bayberry (Myrica cerifera), sparkleberry (Vaccinium arboreum), winged sumac (Rhus copallina), and yaupon (Ilex vomitoria). Representative understory species included bitter gallberry (I. glabra), greenbriar (Smilax), muscadine (Vitis), Virginia creeper (Parthenocissus quinquefolia), dog fennel (Eupatorium), goldenrod (Solidago), French mulberry (Callicarpa americana), blackberry (Rubus), yellow jessamine (Gelsemium sempervirens), poison ivy (Rhus radicans), various grasses, and a mixture of pine needles and hardwood tree leaf litter in woodland areas.
Mixed hardwood and pine habitats consisted of most of the same floral species mentioned above for predominantly pine habitats, with either more pines or fewer pines as indicated by the category and with more of other species of trees such as shortleaf pine (Pinus echinata A combination of Sherman live traps (Sherman Traps, Tallahassee, Florida) and Tomahawk traps (Tomahawk Live Trap Company, Tomahawk, Wisconsin) were randomly set in different habitats (e.g., woodland transects, woodland ecotone, old fields, refuse heaps, beside dumpsters, in and around decrepit buildings) at the different localities. Traps were baited with whole oats, sunflower seeds, and occasionally with dry dog food. Captured animals were anesthetized with ketamine hydrochloride (Ketaset, Bristol, Syracuse, New York), placed in a white tray, examined for ectoparasites, and euthanized to collect samples of blood and tissues as part of another study. Ectoparasites were located with the naked eye by combing the hosts' pelage with fine-tipped forceps. Some dropped off hosts after they were euthanized; these were also collected. All ticks and larger mites that were found were collected, but only samples of lice were removed. Ectoparasite samples were stored in 70% ethanol until they could be identified. All animals were handled in accordance with institutional care and use guidelines for animal welfare. Peromyscus mice were identified to species at the Museum of Southwestern Biology, University of New Mexico, Albuquerque, New Mexico. Representative voucher ectoparasite specimens were deposited in the Institute of Arthropodology and Parasitology (Georgia Southern University) under accession numbers RML 123083 and RML 123084 (ticks) and L 2824 through L 2835 (lice, fleas, bots, and mites).
RESULTS
A total of 292 individuals and 12 species of small mammals were livetrapped and examined for parasitic arthropods (Table 1) . These included 1 species of insectivore, the southern short-tailed shrew (Blarina carolinensis); 1 species of arvicoline rodent, the pine vole (Microtus pinetorum); 7 species of native sigmodontine rodents, the eastern woodrat (Neotoma floridana), golden mouse (Ochrotomys nuttalli), rice rat (Oryzomys palustris), cotton mouse (Peromyscus gossypinus), white-footed mouse (Peromyscus leucopus), eastern harvest mouse (Reithrodontomys humulis), and hispid cotton rat (Sigmodon hispidus); 1 species of nonnative murine rodent, the Norway rat a SP ϭ state park; WMA ϭ wildlife management area. b P ϭ primarily pine; HP/P ϭ mixed hardwood and pine, predominantly pine; HP/H ϭ mixed hardwood and pine, predominantly hardwood; H ϭ primarily hardwood.
(Rattus norvegicus); and 2 species of sciurid rodents, the eastern gray squirrel (Sciurus carolinensis) and eastern chipmunk (Tamias striatus). The most abundant species in our collections were cotton mice (n ϭ 113; 39%) and white-footed mice (n ϭ 94; 32%). Cotton rats, harvest mice, and eastern woodrats each constituted approximately 7% of captures.
Trap success was approximately the same during the first quarter (68 captures in 1,698 trap-nights ϭ 4.0%) and full moon (66/ 1,491 ϭ 4.4%) phases. Success was greater during new moon (74/788 ϭ 8%) and last quarter (84/1,051 ϭ 9.4%) lunar phases. Data for the number of trap-nights and trap success by major land-resource area and general habitat category are shown in Table  2 . Approximately 58% trapping was conducted at localities within the Upper and Lower Coastal Plain areas, resulting in 71% of the total number of captures. Combined trap success at localities in the Upper Coastal Plain (10%), where most sites were dominated by hardwood tree species, was twice that at localities in the Lower Coastal Plain, which were dominated by pines. Trap success at localities characterized as mixed hardwood and pine, predominantly pine (3.8%), was not significantly different from that at mixed hardwood and pine, predominantly hardwood, sites (4.6%). But success at primarily hardwood localities (9.6%) was nearly twice that at those described as primarily pine (5.2%).
In total, 15 species of parasitic arthropods were collected from 10 of the 12 host species trapped (Table 3 ; no parasites were recovered from the sciurids, each represented by a single individual). No small mites (e.g., glycyphagids, myobiids, listrophorids, trombiculids) were recorded.
DISCUSSION
It was not surprising that the most common small mammals captured during this study were Peromyscus. Various species of this genus are distributed widely throughout North America and are known to inhabit most habitats (Baker 1968) . They were also the most commonly collected rodent species in recent studies conducted in other southern states (Clark et al. 1998; Durden et al. 2000) . The abundance of Peromyscus in our sample may explain why trapping success was higher during darker lunar phases. Peromyscus are primarily nocturnal yet commonly traverse open areas (Baker 1968) . Therefore, they may tend to forage more, and over greater distances, during the lunar phases when our trap success was highest. The differences we observed in trap success by major land-resource area and habitat category were likely due to variation among localities in quality and quantity of mast production. Most of the Upper Coastal Plain collection localities were dominated by hardwood trees, particularly mast-producing species such as white oak, whereas Lower Coastal Plain localities were dominated by pine trees. This is probably the main reason why our trap success at localities dominated by hardwood trees (10%) was approximately twice that at pine-dominated sites. Higher trap success rates at a few localities that were generally characterized as being dominated by pines (Ashe Lake and Marion County Wildlife Management Area) were actually due to setting of many of the traps in wildlife food plots consisting of numerous grains and other high-quality fodder, which resulted in the capture of more cotton rats and harvest mice at those sites (Table 1) .
We identified only 15 arthropod species, fewer than expected, based on information for the same host species in adjacent states (Cole and Koepke 1946; Durden and Kollars 1992, 1997; Durden et al. , 2000 Pfaffenberger and de Bruin 1988; Whitaker et al. 1994) . The reason for part of this discrepancy is that we did not recover small mites; probably our recovery technique was unsuitable for collecting them. Host-parasite lists for small parasitic mites in Mississippi are provided by Goddard et al. (1986) , Smith (1955a Smith ( , 1955b , and Whitaker and Wilson (1974) . If the low number is not an artifact of the collection techniques, it might be due to the less diverse topography and habitats in Mississippi compared with some other southeastern states. Also, there were insufficient data to reliably determine seasonal abundance of the ectoparasite species collected. But the mite Androlaelaps fahrenholzi and larvae of the American dog tick Dermacentor variabilis were collected in all sample months. Most of the fleas were collected during the cooler months of October and November. The tropical rat mite Ornithonyssus bacoti was collected from June through October. D. variabilis in nymph-stage was collected in June, August, and September, and immature stages of the Gulf Coast tick Amblyomma maculatum were collected only during autumn (September to November). The bot Cuterebra fontinella was collected in June and July and again in October and November.
We found 2 species of widely distributed ectoparasites from B. carolinensis: the flea Ctenophthalmus pseudagyrtes and the mesostigmatid mite A. fahrenholzi (Table 3) . This compares poorly with the 27 species of ectoparasites and other epifaunistic arthropods reported from this host in South Carolina by Whitaker et al. (1994) . But most (8 out of 11) of the shrews examined in our survey had died in the traps, and few ectoparasites would have been expected to remain on them.
Only 2 pine voles (M. pinetorum) were examined in this study. Both were parasitized by fleas (C. pseudagyrtes), mesostigmatid mites (A. fahrenholzi and Laelaps alaskensis), or ticks (D. variabilis). All these species have been recorded from M. pinetorum previously (Durden and Kollars 1992, 1997; Whitaker and Wilson 1974) , but this appears to be the first record of L. (Goddard and Norment 1985) . Neotoma floridana was parasitized by 1 species of bot (Cuterebra americana), 2 species of fleas (Orchopeas pennsylvanicus and Polygenis gwyni), and 1 species of tick (A. maculatum); O. pennsylvanicus and A. maculatum were especially prevalent (Table  3) . C. americana is a host-specific subdermal parasite of N. floridana, but it was not recorded from Mississippi by Sabrosky (1986) . This bot may have been more prevalent, than is indicated in Table 3 , because only the larger late-instar larvae (which form respiratory pores to the exterior of the host) were easily detected. The flea O. pennsylvanicus is specific to Neotoma floridana and the Allegheny woodrat N. magister Lewis 2000) , but P. gwyni is typically a parasite of S. hispidus (Durden et al. 2000) . Immature stages of A. maculatum feed on a variety of bird and small-mammal species .
Few parasitic arthropods have been reported for O. nuttalli, and the 3 species we collected have all been reported previously (Durden et al. 2000; Sabrosky 1986 ). The bot C. fontinella and flea Peromyscopsylla scotti are characteristic parasites of Peromyscus and O. nuttalli, whereas immature stages of D. variabilis parasitize varied small mammals (Goddard and Norment 1985) . C. fontinella has been recorded previously in southern Mississippi (Sabrosky 1986 ), but this is the first record of P. scotti from the state (Benton 1980; Durden 1991) .
Of 3 specimens of O. palustris examined, only 1 was parasitized by arthropods viz., 1 individual of P. gwyni. This flea more characteristically parasitizes S. hispidus.
Peromyscus gossypinus was well represented in our survey, and the second largest number (n ϭ 6) of parasitic arthropods was recorded from it (Table 3) . Because only the larger late-instar larvae form respiratory pores to the exterior of the host, C. fontinella also may have been more prevalent than is reported in (Durden et al. 2000; Sabrosky 1986; Whitaker and Wilson 1974) . Pratt and Good (1954) recorded O. bacoti as a common and widespread ectoparasite of domestic rats in Mississippi, but these are the first records of P. scotti from the state.
All 6 parasitic arthropod species recorded for P. gossypinus were also recorded for Peromyscus leucopus. This is not surprising because most of these parasites (e.g., C. fontinella, C. pseudagyrtes, P. scotti, A. fahrenholzi, and D. variabilis) commonly parasitize Peromyscus (Durden and Kollars 1997; Durden et al. 2000; Sabrosky 1986 ). But an additional 2 species were recovered from P. leucopus, which was therefore parasitized by the greatest number of arthropod species (8) in this survey. One of these (the sucking louse Hoplopleura hesperomydis) also parasitizes Peromyscus and O. nuttalli (Kim et al. 1986 ) but was only recorded from P. leucopus in this survey (Table 3) . Larvae of the remaining species (blacklegged tick Ixodes scapularis) parasitize several species of birds and mammals, including Peromyscus (Durden et al. 2000) .
Only 2 species of ectoparasites were removed from R. humulis (Table 3) . Of these, P. gwyni is an atypical parasite of this host, whereas immature stages of A. maculatum parasitize many bird and rodent species (Durden et al. 2000) .
Five species of ectoparasites were removed from S. hispidus (Table 3) , including the host-specific sucking louse, H. hirsuta (Kim et al. 1986; Pfaffenberger and de Bruin 1988) , this being the first report of this louse in Mississippi. P. gwyni, a characteristic parasite of S. hispidus (Durden et al. 2000) , was especially common in this host. The remaining 3 species of ectoparasites removed from S. hispidus (A. fahrenholzi, A. maculatum, D. variabilis) are all widespread species that parasitize varied hosts including S. hispidus (Durden et al. 2000; Goddard and Norment 1985; Pfaffenberger and de Bruin 1988; Whitaker and Wilson 1974) .
Only 1 specimen of R. norvegicus was examined; it was parasitized by the mesostigmatid mite Laelaps echidnina, a characteristic and cosmopolitan ectoparasite of domestic rats (Pratt and Good 1954; Whitaker and Wilson 1974) . Smith (1955a Smith ( , 1955b documented previous Mississippi records for L. echidnina from the house mouse (Mus musculus), and Pratt and Good (1954) recorded it from domestic rats, indicating that L. echidnina is widely distributed throughout the state. In addition, Cole and Koepke (1946) found this mite commonly present on domestic rats in Mobile, Alabama.
Overall, we have documented the presence of several species of wide-ranging parasitic arthropods from small mammals in Mississippi. In addition, new state records for Mississippi were established for the sucking louse H. hirsuta, the bot C. americana, the fleas O. pennsylvanicus and P. scotti, and the mesostigmatid mite L. alaskensis. Ectoparasite species recorded in this survey that are known vectors of zoonotic pathogens include the ticks D. variabilis (a vector of the rickettsial agent that causes Rocky Mountain spotted fever) and I. scapularis (a vector of the spirochete that causes Lyme borreliosis- Durden et al. 2000) . The Gulf Coast tick (A. maculatum) can be a pest of livestock, and both A. maculatum and D. variabilis can cause tick paralysis (Strickland et al. 1976) . Similarly, the tropical rat mite O. bacoti will readily bite several species of vertebrates including humans and can transmit several pathogens under laboratory conditions (Yunker 1973) .
